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4 ([9]), $n$ $n+1$ $($ $n\geq 3)$




Cheltsov-Park([1]) 95 3 $\mathbb{Q}$
Corti-Mella([4]) ($cA_{2}$ )
3 4 2





1897 2014 31-42 31
$\mathbb{P}(1,1,2,2,3)$ 1,1,2,2,3 $x_{0},$ $x_{1},$ $y0,$ $y_{1},$ $z$
$\mathbb{P}(1,1,2,2,3)$ 8
1.1 ([1, 5]). $\mathbb{P}(1,1,2,2,3)$ 8
1.2 ([13]). $X$ $\mathbb{Q}$
$X=(y_{1}^{2}y0(y0+f_{2})+y_{1}g_{6}+h_{8}=0)\subset \mathbb{P}(1,1,2,2,3)$




$a_{6},$ $b_{6},$ $c_{8}\in \mathbb{C}[x_{0}, x_{1}, z]$ 6, 6, 8
(1) $a_{6},$ $b_{6}$ , cs $X$ 3
(2) $a_{6},$ $b_{6},$ $c_{8}$ $X$ 2
















$\bullet$ $X,$ $Y$ $\mathbb{Q}$
$\bullet$
$\varphi$ $(K_{Y}\cdot R)<0$ $R$
2.1. $\sigma:X--*X’$ $\mathbb{Q}$














$b_{6}$ , cs $\in \mathbb{C}[x_{0},x_{1},z]$ $\mathbb{Q}$
$X=(y_{1}^{2}y_{0}^{2}+y_{0}a_{6}+y_{1}b_{6}+c_{8}=0)\subset \mathbb{P}(1,1,2,2,3)$
$(a_{6}, b_{6}, c_{8})$
2.3. $\mathbb{P}(1,1,2,3,4,4)$ $x_{0},$ $x_{1},$ $y,$ $z$ , to, $t_{1}$




$X$ $X_{1}’$ $X_{2}’$ $X,$ $X_{1}’$ $X_{2}’$
$cAx/2$
2.4. 3 $(X, x)$ $cAx/2$ $(X, x)$
$(x^{2}+y^{2}+f(z, u)=0)\subset \mathbb{A}^{4}/\mathbb{Z}_{2}(0,1,1,1)$
( ) $\mathbb{A}^{4}/\mathbb{Z}_{2}(0,1,1,1)$ $x,$ $y,$ $z,$ $u$
$\mathbb{Z}_{2}$
$x\mapsto x, y\mapsto-y, z\mapsto-z, u\mapsto-u$
$f(z, u)\in(z, u)^{4}$ $\mathbb{Z}_{2}$-
2.5. $X,$ $X_{1}’,$ $X_{2}’$
$\bullet$ $X$ Sing(X) $=\{P1, P2, P3\},$
$p_{1}=$ (0:0:1:0:0), $p_{2}=$ (0:0:0:1:0), $p_{3}=$ (0:0:0:0:1),
$cAx/2,$ $cAx/2,$ $\frac{1}{3}(1,1,2)$
$\bullet$ $X_{1}’,$ $X_{2}’$ 3 $\frac{1}{4}(1,1,3)$ 2
$cAx/2$ 1











$P’$ $\varphi:Yarrow X$ $\varphi’$ : $Y’arrow X’$
$\psi$ $\psi’$ $K$-
$\psi^{-1}\circ\psi’$ : $Y_{1}’--*Y$
$\sigma:X_{1}’--*X$ $\frac{1}{4}(1,1,3)$ $p’\in X_{1}’$
$\sigma^{-1}:X--*X’$ $cAx/2$ Pl $\in X$
Reid “unprojection” ([15] ).





(1) $cAx/2$ $p_{1}\in X$
$\sigma_{1}:X--*X_{1}’$
(2) $cAx/2$ $p_{2}\in X$
$\sigma_{2}:X--*X_{2}’$
(3) $\frac{1}{3}(1,1,2)$ $p_{3}\in X$
$\iota:X--*X$ $\iota$
2.7. $X_{1}’$ $X_{2}’$








$X$ $cAx/2$ Pl, p2
([8]) ([10])
$(cAx/2$
$X,$ $X_{1}’,$ $X_{2}’$ $cAx/2$ ). $X_{1}’$ $X_{2}’$
2.S. $(a_{6}, b_{6}, cs)$ $X_{1}’$ $X_{2}’$
$X_{1}’$ $X_{2}’$ $\mathbb{P}(1,1,2,3,4,4)$
$(a_{6}, b_{6}, c_{8})$
$(a_{6}, b_{6}, cs)$ ( $a_{6}=b_{6}$ ) , $X_{1}’\cong X_{2}’$
$X$ $X$
$X,$ $X_{1}’,$ $X_{2}’$ $3$ $X$ $X,$ $X_{1}’=X_{2}’$ $2$




Corti, Reid Iskovskikh, Pukhlikov










$a_{E}(K_{X})-\lambda mult_{E}(\mathcal{H})>0$ ( $\geq 0$ )
36
$(X, \lambda \mathcal{H})$ ( )
$c(X, \mathcal{H})$ $:= \max\{\lambda|(X, \lambda \mathcal{H})$ $\}$
$(X, \mathcal{H})$
3.2. $\mathcal{H}$ $X$ $\varphi:Yarrow X$ $E$





$\varphi$ $\varphi:Yarrow X$ $X$
$\varphi(E)$
( ) $\mathcal{H}$
$(X, \frac{1}{n}\mathcal{H})$ , $n=n(X, \mathcal{H})$ , $\mathcal{H}$
$\mathcal{H}$ $1/n(X, \mathcal{H})>c(X, \mathcal{H})$
$\mathcal{H}$ $(X, \frac{1}{n}\mathcal{H})$
( )
$c(X, \mathcal{H})=aE(K_{X})/$ mult $E(\mathcal{H})$
3.3. $\mathcal{H}_{V}$ $\pi:Varrow S$ $H_{V}\in \mathcal{H}_{V}$
$m$ $S$ $D$ $H_{V}\equiv-mK_{V}+\pi^{*}D$ $m$
$n(V, \mathcal{H}_{V})$
3.4 $($ [2, (4.2) Theorem] $)$ . $\varphi:X--*V$ $\pi:Varrow S$
$V$ $\mathcal{H}_{V}$
$\mathcal{H}=\varphi_{*}^{-1}\mathcal{H}_{V},$ $n:=n(X, \mathcal{H})$ ,
1. $n\geq n(V, \mathcal{H}_{V})$ $\varphi$
2. $(X, \frac{1}{n}\mathcal{H})$ $\varphi$
$X$
$(X, \frac{1}{n}\mathcal{H})$ $\mathcal{H}$ $( n=n(X, \mathcal{H})$
$)$ $c=c(X, \mathcal{H})$ $(X, c\mathcal{H})$
$\psi:Zarrow X$ $(Z, c\psi_{*}^{-1}\mathcal{H})$
$K_{Z}+c\psi_{*}^{-1}\mathcal{H}=\psi^{*}(K_{X}+c\mathcal{H})$
$\psi$ $K_{X}+c\mathcal{H}$ crepant,
$a_{E}(K_{X})-c$mult$E(\mathcal{H})=0$ , $Zarrow X$
37
( $\rho(Z/X)=1$ ) $Z$ $X$
$Yarrow X$ $E$ $(X, c\mathcal{H})$
crepant $Yarrow X$
3.5 $($ [2, (2.10) Proposition-definition] $)$ . $X$ $\pi:Varrow S$
$\varphi:X--*V$
$X$ ( ) $X$
3.6 ([5, Lemma 4.2]). $\varphi:Yarrow X$ $\sigma:X--*X’$ $\varphi$






3.7. $X=X_{1},$ $X_{2},$ $\ldots,$ $X_{m}$ $\mathbb{Q}$
$i=1,2,$ $\ldots,$ $m$ $X_{i}$ $\varphi:Yarrow X_{i}$ $\varphi$
$\sigma:X_{i}--$ $X_{j}$ ( $1\leq i\leq m$ $j$ $i$ $\varphi$ )
$X=X_{1}$ $X_{1},$ $\ldots,$ $X_{m}$
$X$ $Varrow S$ $\psi:X--*V$
$V$ $X_{j}$ $\mathcal{H}_{V}$ $V$
$\mathcal{H}_{1}=\psi_{*}^{-1}\mathcal{H}_{V}$ $\psi$




$( n_{2}>n_{V}(X, \mathcal{H}))$ $X_{j_{2}}$ $\mathcal{H}_{2}$
$\varphi_{2}:Y_{2}arrow X_{j_{2}}$ $\varphi_{2}$







$n_{1},$ $n_{2},$ $\ldots$ $n_{1}>n_{2}>\cdots$
$V$ $X_{j},$ $1\leq i\leq m,$
4
4.1. $X$ 1.3 $\mathbb{Q}$ $X_{1}’,$ $X_{2}’$ $\mathbb{Q}$
(1) $X,$ $X_{1}’,$ $X_{2}’$
(2) $X_{1}’$ $X_{2}’$ $X_{1}’$ $X_{2}’$ $cAx/2$
2.6 2.7 $X,$ $X_{1}’,$ $X_{2}’$
( $X_{1}’\cong X_{2}’$ $cAx/2$






4.3 $([5,$ Theorem $5.3.2], [3,$ Section $3],[14,$ Appendix $B])$ . $(X, p)$ 3




4.2 $p\in X$ $(X, \frac{1}{n}\mathcal{H})$
$p$ $\mathcal{H}\subset|-nK_{X}|$ $H_{1},$ $H_{2}\in \mathcal{H}$
6 $\mathbb{P}(1,1,2,2,3)$
39














$\iota 0\iota=$ id, $\tau 0\tau=$ id, $\iota 0\tau=\tau\circ\iota$
$X$ 2.2
$X$ 2.6, 2.7




5.1. $X$ Bir(X) $l$ $\tau$
Bir(X) $=\langle\iota,$ $\tau\rangle\cong \mathbb{Z}/2\mathbb{Z}\cross \mathbb{Z}/2\mathbb{Z}$
$\tau$ $X_{1}’\cong X_{2}’$
$Aut(X)=\{\begin{array}{ll}\{id\}, X_{1}’\not\cong X_{2}’ \langle\tau\rangle\cong \mathbb{Z}/2\mathbb{Z}, X_{1}’\cong X_{2}’ \end{array}$
40
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